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BATTERY CONTAINING FIBROUS MATERIAL 
TECHNICAL FIELD 
The invention relates to batteries, such as lead acid batteries, that contain fibrous 
material, as well as methods of making and using such batteries. 

BACKGROUND 

Batteries are commonly used as energy sources. Typically, a battery includes a 
negative electrode (anode) and a positive electrode (cathode). The anode and cathode are 
often disposed in an electrolytic solution. During discharge of a battery, a chemical 
reaction can occur that oxidizes an active anode material and reduces an active cathode 
material. During the reaction, elechrons flow ftom the a.iode to the cathode, and ions in 
the electrolytic solution flow between the anode and the cathode. Certain batteries can be 
recharged by running the chemical reaction in reverse. 

One type of battery is a lead acid battery. In a lead acid battery, lead is usually an 
active anode material, and lead dioxide is usually an active cathode material. Generally, 
lead acid batteries also contain sulfuric acid, which serves as an electrolyte and 
participates in the chemical reaction. A typical discharge reaction for a lead acid battery 
reaction is: 

Anode: Pb(s) + HS04-(aq) -» PbS04(s) + H* + 26 

PbO^(s) + STTfaq) + H.Sn£(agl^2e- PbSO.r^^-t- 
Pb(s) + Pb02(s) + 2ir(aq) + 2HS04-(aq) -> 2PbS04(s) + 2H2O 



Net: 



SVMMARY 

The invention relates to batteries, such as lead acid batteries, that contain fibrous 
material, as well as methods of making and using such batteries. Fibrous material refere 
to a material formed of fibers. A fiber refers to an entity having a ratio of length to 
diameter (i.e., aspect ratio) of at least five. 

Applicant has discovered that fibrous material can be advantageously used in a 
battery to increase the amount of electrolyte contained in the battery relative to an 
otherwise substantially similar battery that does not contain the fibrous material. For 
example, in a lead acid battery where the electrolyte (e.g.. sulfuric acid) is a reactant in 
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the discharge reaction, increasing the amount of electrolyte present in the battery can 
increase the energy content of the battery. Some or ail of the fibrous material can be 
disposed, for example, within a volume of the battery (e.g.. the head space and/or fringe 
volume) that might not otherwise contain a material that is an electrolyte and/or reactant 
m the discharge reaction of the battery. Optionally, a portion of the fibrous material can 
be mcorporated in one or more components of the battery, such as one or more 
separators, anode plates and/or cathode plates. 

In one aspect, the invention features a battery that includes a case, a cell disposed 
within the case, and a fibrous material disposed within the case so that at least some of 
the fibrous material is between the cell and the case. The cell includes a plurality of 
plates and a plurality of separators. The plates and separator are arranged so that, for 
each pair of adjacent plates, one plate forms an anode plate and the other plate forms a 
cathode plate, and a separator is disposed between the anode plate and the cathode plate. 

Tn another aspect, the invention features a process for manufecturing a battery 
having a case. Tlie process includes combining a fibrous material with an electrolyte, and 
disposing the fibrous material and the electrolyte in the case of the battery. 

Tn some embodiments, the fibrous material and the electrolyte foi-ni a mixture 
before being disposed in the case, and the process includes filtering the mixture to 
remove at least some of the fibrous material fix>m the mixture before disposing the 
fibrous material and the electrolyte in the case. The electrolyte can disposed in the case 
before, after or at the same time as the fibrous material is disposed in the case. The case 
can be substantially devoid of any electrolyte before the electrolyte is disposed in the 
case. 

In a further aspect, the invention features a process for manufacturing a battery 
having a case. The process includes constructing a cell in the case of the battery, and 
after constructing the cell, disposing a fibrous filler in the case. The cell is formld of a • 
plurality of plates and a plurality of separators. The plates and separator, are arranged so 
that, for each pair of adjacent plates, one plate forms an anode plate and the other plate 
forms a cathode plate, and a separator is disposed between the anode plate and the 
cathode plate. 
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The process can ftrther include disposing an eleclmlyte in ll« case. The 

e.ec.™iy,e can be disposed in U.ecasebefo«..fteror«,he same U^easttelib^us 
ma.e„a. .s d,sposed in ,he case, lie case c«. b. snbs^ntially devoid of any eJeoto,„e 
before Uie electrolyte is disposed hi the case. 

Embodi.enUoffl,e invention caninciudeoneor .ore ofdielbllowinsaspects. 
The battery can be. for e.a„,p,.. a ,ead acid battery, such as a valve regulated lead 
acd battery of the absorbed glass „«t type, a flooded valve ..gulat«, lead acid batte t 

agelvalv.regu,ated.eadacidbat.cry.Thebat,erycan«,rtherinc.„desulf„ricacid 
wthrn ftecase. Som=of.hesulftHc acid can be adsorbed on the fibrous material and 
some of the sulfuric acid can be adaori,ed in the separators. 

The battery can be. for example, a nickel metal hydride battery 
The fibrous material can have an acid abson.noh of at least 50% 
The fibrous mat«ial can be formed of. for example, a polymeric material or a 
s-hceous m«enal (e.g.. C glass). In some embodiments, the fibrous material is an 
morgamc mat^aL m cerWn «nbodime„^ the fibrous material is an o-sauic material, 
to some embodmtents. some of «,e fibrous material is an inorganic nJaterial. and some of 
the fibrous material is an oiganic material. 

m some embodiments, at least one weight petcent of the fibrous material passes 
.hmug^alOx,„n,eshduri„g««shake.est. lo certain embodiments, at least five wet^t 
P««n. Of the fibrous material passes th.»u^ a 8x3 mesh during the shake test. In so^ 

rid rr ^^^^ -•-'^ > ««« 

mesh during the shake test. 

The fibrous material can be disposed in a gelling agent. 

^« material can be „,ixed with particles ofa material, such as silica 

particles. 

The fibrous m«erial can have an average length of from 0. , miUimeter to 1.5 
m, ..meters. I*e flbmus materia, can have an ave.ge diameter of less than 40 microns. 
The fibrous matenal can have an average asp«:t ratio of less than 1 SCO 

A portion of the fibrous material can be disposed in the battery he«i space. A 

sC^rr™" ''^"^ A' 

some of the fibrous material ca„ be adsorbed in a. leas, on. of .he s^arators 
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In some embodiment, a battay oonWning stnou, material (e.g, i„ ft. h„d 
substafally srailar battery that does not contain the fib^a material 

.pace IT^" "T""*^' ° "'"'"^ ' 

.ubstanhally s,m,l.r bat.^ tha, does not cont™ the fibcona material 

In some embodiments, a batteo- containing fibrous material (e.g., i„ ,he head 
spacea„c.„r«ngevol„me,eanexhibi.increasedthe™alco„d„ctivity;e^ 
othe™,ae anb«antial.y aimihr ba.t«y Un,t does no. contain the fibrous material 

and CailT" ""^ ""^"^ '""^ "^^P"- 

DESCMPTION OP DRAWINGS 

lis a partiany cut away pe.apec.ive view ofan embodiment of a valve 
regulated lead acid ba..ery of tt,e absori«d glass mat type; 

Kg^2 is a c^ss-secrional view of an embodimem of a valve regulated lead acid 
battery Of the absori«d glass mat type dra. contains fibrous material in i,s head spa«; and 

F,g. 3 „ a cross-sectional view of an embodiment of an appamtus for modifying 
the average lengdiofan association of fibers. 

DETAILED DESCRIPTION 

Pig. I shows a valve regulated lead acid battery 100 of the absorbed glass m« 

^.Ba.te.y,00i„cludesacasel02havi„gsidewa,,s,03a.l03b,,03ca„d,:3r 
^sel^also has a bottom '07 and a cover ,04 with a vent .06 disposed the^n. Case 
.azco^amsancdeplates HO con„^.ed,„ a negative termim.1 „2 viaastmp „,.«,d 
^oOe P.«« 120 connected ,„ a posiHve terminal 122 via a strap ,21. Sepltc. , 0 
^ d,spos«, be^veen adjacent anode and cathode plates 110 and 120. ,espec.ively Case 

volume ,40 be^veen cover .04 and the top ofplates ,10 and .20. ,efe,r«l to herein as 
the head space, ,s substantially devoid of solid or liquid malerial 

««• 2 *o« an embodin,e„.ofba.terylOO in Which head space 140cont«nsa 

eiectiolyte (e.g., sulfuric ac d). Forexamni*. j- 

a;, ror example, m some embodiments, the glass fibers have 
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an W„ of a. leas. 50./. (eg., a. leas. 100%. at .cast 150V, a, ^ 200% a. 
eas. 250./. a. ,.as. 300-/, a. 350%. a. ,eas. 400%. a. ,^ abou. 450./. a 
a.ou, 500./, a. leas, a^u. 550./,. a, ,ea». al^„, 600%. a. ,ea« abou. 650./! ai L 

abo . .350./, a, tea., abou, ..400%. a, ««a, abou. ,.45«.^ a. ,ea« abou, ,.500% a, 

leas, abou, 1.550.^. at leaa about l,600./4). 

The «Jd abson.tion of a sample of a fibrous material is measured as foUows One 
2;of*efibrousma.e.al-„p,ac^.nad:sh(e...ape«a.b,. An amount ofT 8 
^ec,fio grav,., sul«.Ho sufficten. u> and cover ,be fib.us materia, i, p.aeed on 

fibrous .^,en., ,s amoved fl^ a. su,ft„io acid, placed on a screen and d.ined &r 

r"^°'*"'''"'"'^"'-'=''>-~-''--'-.Hewe,mI 
of.hefibrousmaU„al.Theacidabso,pUo«isdeten„i„edbytbefo,.owinge,uaUon. 

Acid absotpHon - mass in grams - one gramV(o„e g™„)).(100./.)) 

Wi«„u. Wishing to be bound by fteory. it is believed tba. including fibrous 
ma,enal y,^ „f absorbing suifitric acid in the bead space of a lead acid ba«ery can 
mcr«.e the amountof sulfuric acid that can be contained within the battery re Jve ,o a 
subs,anb.„y similar lead acid ba«ery «,at does not contain fib„us materi^m 
^ce b«.use the fibrous material can be used to contain addi«o„a, suUUric aoid bey nd 
w^,s c«,.med in the otherwise substautialiy simiiar ,ead acid baUery «,at docs I 

221 T """"" "^"^^ ^"'"^ ' 

It " ^"-^ *»• «>= 

".atena, m «,e he^ space of a lead acid battery can result in a battery with a higher 

-ergy content than an otherWse .ubstanlially similar lead acid battery «,„ do« no. 
contain fibrous ma.erial in its head space. 

It is also believed that including a fibrous material capable of absort,ing sulMo 
acd ,n me head space of a lead acid ba„e,y can „duco ^ cession of ceriain 
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component, of ,ha bane^, located wiftin ftc l«ad space (e.g.. ft. a.raps connect the 
plates ,0 their respective tenninals) relaUve to a substantially similar lead acid battery that 
does not contain the flb«„s material in Its head space becanse ti« components can tend 
to have a lower rate of corrosion „h™ contacting the sulfuric acid-containing fibrous 
material than when contacting It is believed that, by reducing flte corrosion rate of 
.he components, the components can be made of lower grade materials (e.g.. relatively 
-pure pure lead materials), which can reduce the cost of nuking the battety, reduce the 
complexity of making the battery, and/or increase the useful lifetime of the batt«y. 

It ,s further believed that including a fibtous material capable of ahsotbing 
sulfunc acid in the head space of a lead acid battery can increase heat co^iuction 
between the batt«y case and the plates/separato,. relative to . substantially similar lead 
actd battery that does «>t contain the fibreus material in its head sp«=e because in 
geneml. the sulfuric acid-containing fibrous material conducts heat better than lir 
conducts heat 1. is believ«l that, by increasing the conduction of h«,t between the 

b^ery case and a»p,atea/separa.ors.ti,.ba.t«yc«. operate at lower tempet^tures 
whtch can reduce the cost of maintaining U« battety. reduce the complexity of ' 

matn^ining the batter, increase the efHci«,cy of the batiery. and/or increase the useful 
lire of the battery. 

In certam «nbodiments. the amount of fibmus material 130 (and isociated 
sulfune acid) used can defennined based upon flte bulk density of tibreus material 1 50 
In pattioular. assuming d^t ti» volume of head spa^ ,40 is known, the mass of fibrous 
mat««, ,50 that can be dispo^ i„ head space .40 can be determined based on the bulk 
densny of fibrous material ,50. Further, tire amount of sulfcric acid that caa be disposed 
m head space ,40 (associated witi, flbtous material 150) can be detennined based on the 
ac.d absorption offibrousmaterial 150. Acco,di„g,y. .he bulk density of flbreus material 
1 50 can be selected depending upon the volume of head space 1 40. amount of 
additional sulfcric acid desired (associated with fibreus material ,50). and the acid 
absorption of fibrous material ,50. ,„ general, the bulk density of fibreus ma«,rial 150 
depends upon U» average length and avemge diameter of fibrous material 

fa some embodiments, the fibrous material is fomted of one or more siliceous 
matertals. While various types of glass fibe,^ can be used, typically the glass flbere are 
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relatively inert to lead acid battery storage and use conditions. la some embodiments, at 
least some (e.g., all) of the glass fibers contain a relatively small amount (e.g., less thin 
one weiglit percent, less than 0.5 weight percent, less than 0.1 weight percent) of barium 
and/or zinc compounds (e.g., barium oxide, zinc oxide). In certain embodiments, at least 
some (e.g., all) of the glass fibers are formed of a type of glass commonly referred to as C 
glass. 

Glass fibers are coimn^rcially available fi-om, for example. Owens Coming 
(Toledo. OH), Johns Manviile (Denver. CO). PPG (Pittsburgh. PA). Nippon Sheet Glass 
(Tokyo. Japan). Evanite Fiber Corporation (Corvallis. OR), and Hollingsworth & Vose 
Company (East Walpole. MA). Examples of commercially available glass fibers include 
PA-01 glass fibers (Hollingsworth & Vose). PA-10 glass fibers (Hollingsworth & Vose 
Company), PA-20 glass fibers (Hollingsworth & Vose Company). Evanite 408 glass 
fibers (Evanite Fiber Company), Evanite 609 glass fibers (Evanite Fiber Company). 
Evanite 610 MB glass fibers (Evanite Fiber Company). Evanite 719 ^ass fibers (Evanite 
Fiber Company). Famix 1103-Bl glass fibers (distributed by, for example. Osthoff- 
Petrasch. Norderstedt, Germany), Famix 1103-Dl glass fibers (distributed by. for 
example. OsthofF-Petrasch), Famix 1107-Bl glass fibers (distributed by. for example, 
OsthofF-Petrasch). Famix 1107-01 glass fibers (distributed by. for example. Osthoff-' 
Petrasch). and Famix 1203-Bl glass fibers (distributed by. for example. OsthofF- 
Petrasch), 

In some anbodiments, it is advantageous for the fibrous material to have good 
flow characteristics. For example, this can reduce the cost and/or complexity of 
assembling die battery (see discussion below). 

Table I shows flow characteristics of fibrous materials formed of glass fibers 
having different average lengths. The average length of the PA-10 was 359 microns, and 
the average length of the PA-20 was 154 microns. The data in Table I was measured by: 
placing a given weight of a sample of glass fibers on a mesh having a given size; shaking 
the sample for five minutes at 42 Hz using a Syntron shaker, and weighing the amount of 
the glass fibers that passed through the screen. This test is refeired to herein as the shake 
test. 
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Table T 



Fibers 


Mesh Size 




Wt Passed 


% Sample 
Passed 


PA-01 

in A 


6x6 


; 5.047 g 


0.002 g 


0.04 


PA-01 

T%A 1 r\ 


4x4 


5.087 g 


0.005 g 


0.10 


PA-10 

n A t r\ 


10x10 


5.052 g 


0.091 g 


1.80 


PA- 10 


8x8 


5.038 g 


0.759 g 


15.07 


PA-10 


6x6 


5 053 0 


4.I0I g 


82.35 


PA-10 


^c4 


5.045 g 


4.243 g 


84.10 


PA-10 


4x4 


5.098 g 


4.558 g. 


89.41 


PA-20 


10x10 


5.098 g 


3.777 g 


74.09 


PA-20 


8x8 


5.053 g 


4.538 g 


89.81 


PA-20 


6x6 


5.045 g 


4.307 g 


85.37 



In certain embodiments, at least one weight percent (e.g.. at least two weight 
percent, at least fxve weight percent, at least 1 0 weight percent, at least 15 weight pendent 
atleast 20 weight percent, at least 30 weight percent, at least 40 weight percent, at least ' 
50 wetght percent, at least 60 weigl.t percent, at least 70 weight percent) of the glass 
fibers pass thiougli a 10x10 mesh during the shake test. 

In some embodiments, at least five weight percent (e.g.. at least 10 weight 
percent, at least 1 5 weight percent, at least 20 weight percent, at least 30 weight percent 
at least 40 weight percent, at least 50 weight percent, at least 60 weight percent, at least ' 
70 weight percent, at least 80 weight percent, at least 90 weight percent) of the glass 
fibers pass tlirough an 8x8 mesh during the shake test. 

certain embodiments, at least five weightpercent (e.g.. at least 10 weight 
percent, at least 15 weight percent, at least 20 weight percent, at least 30 weight percent 
at least 40 weight percent, at least 50 weight percent, at least 60 weight percent, at least ' 
70 weight percent, at least 80 weight percent, at least 90 weight percent) of the glass 
fibers pass through a 6x6 mesh during the shake test. 

In certain embodiments, at least five weight percent (e.g.. at least 10 weight 
percent, at least 15 weight percent, at least 20 weight percent, at least 30 weight percent. 
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atleast 40 weight percent, atleast 50 weightpercent. at least 60 weight perce^ 
70 we.ght percent, at least 80 weight percent, at least 90 weight percent) of the glass 
fibers pass through a 4x4 mesh during the shake test. 

As indicated in Table I. in some embodiments, flow characteristics of a fibrous 
material can improve as the average length of the fiber is reduced. 

In certain embodunents. the glass fibers have an average length of less than 1 5 
mUhmeters (e.g.. l^ss than 1.4 millimeters, less than 1.3 mUlimeters. less thanl 2 
millimeters, less than 1.1 millimeters, less than or^e millimeter, less than 0.975 millimeter 
ess t.^ 0.950 millimeter, less than 0.925 millimeter, less than 0.900 millimeter. less ' 
than 0.875 millimeter, less than 0.850 millimeter, less than 0.825 millimeter, less than 
0.800 mxllimeter. less than 0.775 millimeter, less than 0.750 millimeter. less than 0 725 
milhrneter. less than 0.700 millimeter, less than 0.675 millimeter, less than 0 650 ' 
millimeter, less than 0.625 millimeter, less than 0.600 millimeter, less than 0 575 
mimmeter. less than 0.550 millimeter, less than 0.525 millimeter, less than 0 500 
milhmeter. le^ than 0.475 millimeter, less than 0.450 millimeter. less than 0 425 
mrlhmeter. less than 0.400 millimeter, less than 0.375 millimeter, less than 0 350 
millm^eter. less than 0.325 millimeter, less than 0.300 millimeter, less than 0 275 
millimeter, less than 0.250 millimeter, less than 0.225 millimeter, less than 0 200 
millimeter, less than 0.175 millimeter, less than 0.150 millimeter, less than 0 125 
millimeter, less than 0.100 millimeter) and/or an average length of at least 0 100 
millimeter (e.g.. at least 0.125 millimeter, at least 0.150 millimeter, at least 0 175 
millimeter, at least 0.200 millimeter, at least 0.225 millimeter, at least 0.250 millimeter at 
least 0.275 millimeter, at least 0.300 millimeter, at least 0.325 millimeter, at least 0 35o' 
milhmeter, at least 0.375 millimeter, at least 0.400 millimeter, at least 0.425 millimeter, at 
least 0.450 millimeter, at least 0.475 millimeter, at least 0.500 millimeter) 

The average length of a sample of fibers is determined as follows. The fibers are 
Placed onaslide and the fiber lengths aremeasured by visualinspection^ 
DMLS microscope with a video camera (Meyer Instniments, Inc.. Houston. Texas) using 
a magnification of from 20X to 200X. The average length is then calculated as the 
arithmetic mean of the measured fibers lengths. 
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in some embodtacnts. U>. gte fibers have an avemg. diameter of less *a„ 40 
m.oro„s (e g less than 35 ,„io„„s, ,ess 0^ 30 nucroos. less «,a„ 25 .ion,„s. less «,a„ 
0 m,™„s. iess ftan ,5 mio,o,„. ,ess than ,0 miorons. less fl^ five microns, less ^ 
.hree microns, less t>^ 2.9 microns, le. .bta 2.75 mic^ns. less H»„ 2.5 microns, less 
*an ,25 m-c^ns. less than 2.5 micn,ns. less than 2.25 miens, less a,an ^vo mic.„s 
less U,a„ 1.75 microns, less U«n 1.5 microns, less than 1.25 micn.„s. less than one ' 
m.™„ and/or an average diameter of a. Ic^ on. mic™ (e.g.. a, leas. , .25 miens, a. 
eas . m.cn,ns. a. leas, ..75 microns, a, leas, .wo microns, a. leas, 2.25 microns a, 
eas 2.5 m-crons. a, leas. 2.75 microns, a. leas, ftree microns, a. leas, 3.5 microns, a. 
Wfonrm-crons). cer.ain cmbodimem.. tt,e gUss fibers have an avenge diameter of 
ftom 0.7 m.cn,ns to 6.25 microns (e.;,. 0.9 micn^ns. 1.35 microns. 2.9 micmns. 2 8 
microns, 6.1 microns). 

The average diameter of a sample of fibers is determine! by the BET method 
using argon gas. 

in c«uinemb«dim«„s. tt. glass f.b«ahav=a„ average aspect ratio of less than 
UOO (e.^, ess than 1400. less than WOO. .«s «,an 1.200. less «,an ..100. less Hran 
.000. less ftan less «^ 900. less ««n 800. less 700. less than 600. less than 500 
- *an 400. less H,an 300, and/or an avenge aspec, ratio of at leas, about five (e.g 
e« 0. at least 50. a. leas. SO. a. leas. 70. at least 80, at least 90. a. leas. 1 00. a.U 

0. a east .20. atleas. ,30. at least HO. at least 150. at least 160. at least 170, at leas. 
.80. at least .90. at leas, 200. a, leas. 250. at leas, 300. a. least 350. at leas. 400) 

The average aspec. r«io of a sample of fibers refers to the raHo of «,e average 
lengO, of fte sample of fibeta to *e average diamerer of .he sample of fibe« 

In some embodiments, more than six weight percent (e.g, at least seven weigh, 
per^nt. at least eight weight percen, a, leas, nine weigh, percent at least 10 weight 
percent, at leas. . 1 weight peent, at leas. 12 weight petcent. a. leas. 13 weigh, petcen, 
^leas. 14 we,gh. percent) of a fibrous material can be lost during the hand sheet test. 
The hand sheet .est is perfomred as follows. A fibrous malarial isplaced in a HamUlon 
B«.h seven speed blender, and 550 millililers of deionized (reverse osmosis) warer is 
a^ed ,o tt,e blender. An amoun. of aqueous sulfurtc acid (22 volume pe^n. sulfttric 
actd) ,s added to dre blender so that the mixture ob,aln a pH of 2.8. The blender is s« ,0 
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high and blended for 10 seconH«! tk^ui j j . 

The blended mixture is poured into a TAPPI 
semjautomatic hand sheet mold with a 1 50 m^oi, «, . 

ften «.™ed off. aad *e hand shoe, is couched ftom fte ,5oZh " 

then put to an oven a IST-C un«I dn, Tk. , . ^ " 

measured Th, ^"^ *«" 

measured. TI>^P«Mntweightlossisther.tiooftheraa«oflh.dri^i., h , 
initial n,^ of .h. fib^us material ttaea ,00K '° *° 

en.bod '" *° ""^ °" "^"^ -hniques L, .ome 

container, and a pressure fe e at l^cf <:n .^^ ^ 

F oomc^c.g.. at least 50 pounds per square inch nfUaof-rc 

desired (e . one time J , ! ^ ^"^ """^"^ ^ """^ 

Un,es ' «™ «-ea. seven 

h^e^etght hmcs. ntnetimes. .0 .in,es, „ times. ,2 times) u„H, the flb«, haJe the 

(CS.. Ave deg^ .0 degtees. 20 degrees. 30 degrees. 40 deg^. 50 de^ees ^ 

d^TOdegte.. SOdeg.es. ,Odegrees,he.„eeno„eormo..orthe:::i ateps 
(e.S,be«veeneachcrushi„gstep.betweeneveryo,hercrushings.cp) ' 

h f ""^ 7."°''""™'^- average length of an association of glass 

nbe„b.«>recn.sh,ng to theaverage length ofthe association of glass «he.aJr 

c™sh.ngcanb.atleas.,,(e.g,a..eas.20.a.,eas.2MUeast30^.,east3;!Lt.O 
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f •"''^"'^n. at least 1,750 pounds per square inch\ <^^r„ 
mfluidcommunicationwithacylinderfes ahvH ^ *'7" Compressor 310 is 

J-Jaten 340, m turn, exerts a pressure ao9i«ct a . 

:=r— — ^^^^ 

againa the glass fibers .n opening 350 for a given period of H™. , - • 
-bodi^en.. ftisstep is^eated wi* or „i*o,,. ro.a.io„ oTIe 11^1 
applying pressure to a» bale r„emh^- . ■ «eps of 

"Peated. pressn^ nsed caTbrva^JT "r T 

..a«e.eti"rjriT^^^^^^ 

.20 contain lead d^Pll "7' 7' ' ~ ""^'^ 

-enal,s.HasC=do:i"^^^^^^^ 

u oiganic hbers (e.g., having an average lencth of n t?<: ; u 

more), metal sulfate(s) (eg nickel «5nlfi,f. length of 0.125 inch or 

— g^ateriaoiiir:::::::^ 

— bari„™s„,.....onblao.and«g„.s„r.ll::r:r.^^^ 
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The con,ponents of the expanders) can be pre-mixed or«on pre-mixed. Expanders a., 
commerciany available fron, for example. Hammond Lead Products (Hammond. IN) and 
Atom,zed Products Group. Inc (Garland. TX). An example of a commercially available 
expanderisTexex expander (Atomized Products Group. Jnc. Garland. TX). Incertain 
embodiments, the expa„der(s). metal sulfate(s) and/or paraffin are present in anode plates 
110. but not cathode plates 120. Optionally, anode plates 110 and/or cathode plates 120 
can contam the fibrous material described herein. 

Separators 130 can be formed of conventional lead acid battery separator 
materials. In some embodiments, separators 130 can be formed of glass fibers (e g a 
mat of glass fibers) that contains electrolyte (e.g.. sulfuric acid). 

In general, battery 1 00 can be assembled using any desired technique. 
In some embodiments, battery 100 is generally assembled as follows. Anode 
plates 110. cathodeplates 120 and separators 130 are assembled in case 102 using 
conventional lead acid batteiy assembly methods. Sulfuric acid is then disposed in case 
102. followed by addition of fibrous material to head space 140. Cover 104 is then put in 
place, and tem^inals 112 and 122 are added. The amount of sulfi^ic acid that is disposed 
withm case 102 is sufficient to properly wet separators 130 and also to wet the fibrous 
matenal located in head space 140. This method can be advantageous because the battens 
IS assembled using standard methods, except for the addition of the fibrous material 
subsequent to the addition of the sulfiiric acid. 

In certain embodiments, the procedure noted in the preceding paragraph is used to 
assemble battery 100. except that the fibrous material is disposed in the head space prior 
to the addition of the sulfuric acid. 

m some embodiments, battery 100 is generally assembled as follows. Anode 
plates 110. cathode plates 120 and separators 130 are assembled in case 102 using 
conventional lead acid battery assembly methods. Sulfuric acid is then mixed with the 
fibrous material to wet. and optionally saturate, the fibrous material. The sulfuric 
ac,d/fibrous material mixture is then filtered, and the sulfl,ric acid is then disposed in case 
102. followed by addition of fibrous material to head space 140. Cover 104 is then put in 
place, and terminals 112 and 122 are added. The amount of sulfiiric acid that is disposed 
withmcasel02issufficienttoproperiywetseparato,^130. This method can be 
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advantageous because the batteiy is assembled using standard methods, except for the 

addition ofthefonnation and filtering ofthe sulfuric acid and fibrous material. But an 
advantage of this method is that, by pre-wetting the fibrous material, additional sulfuric 
acd beyond what is used to wet separators 130 need not be added to case 102. 

In certain embodiments, the procedure noted in the preceding paragraph is used to 
assemble battery 100. except that the sulfuric acid and fibrous material are not filtered 
before being added to the battery case. In sx,ch embodiments, sepamtors 130 can filter 
the fibrous material, thereby forming a mat in the head space. 

The following examples are illustrative only and not intended as limiting. 

Examole 1 

50 pounds of glass fibers were prepared as follows. 

50 pounds of PA-01 glass fibers (Hollingsworth & Vose Company) were formed 
into a bale. The bale was put into an apparatus as described above (1 800 pounds per 
square inch exerted by compressor, eight inch diameter hydraulic cylinder, four inch 
diameter rain, 19 inch by 25 inch platen), and a pressure of 190 pounds per square inch 
was applied to the fibers for five seconds. The pressure was removed, and the bale was 
rotated 90 degrees. A pressure of 190 pounds per square inch was again applied to the 
fibers for five seconds. The resulting glass fibers had an averege lengtla of 359 microns 
and an acid absorption of 1.097o/o. Five samples of the resulting glass fibers had an 
average weight loss of 13.85«/o according to the hand sheet test, whereas five samples of 
PA-01 glass fibers had an average weight loss of 5.l5o/„ according to the hand sheet test. 

Example 2 

50 pounds of glass fibers were prepared according to the method described in 
Example 1. except that the steps of applying a pressure of 190 pounds per square inch for 
five seconds and rotating the fiber 90 degrees between presses was repeated a total of six 
times. The resulting glass fibers had an average length of 183 microns and an acid 
absorption of 292%, 

Example 3 

50 pounds of glass fibers were prepared according to the method described in 
Example 1. except that the steps of applying a pressure of 190 pounds per square inch for 
five seconds and rotafing the fiber 90 degrees between presses was repeated a total of 
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nine times. The resulting glass fibers had an average length of 154.microns and an acid 
absorption of 237%. 

Example 4 

50 pounds of glass fibers were prepared according to the method described in 
Example 1. except that: 1.) Evanite 408 glass fibers (Evanite Fiber Corporation), having 
an average fiber length of 387 microns and an average fiber diameter of 0.87 microns 
were used; and 2.) that the steps of applying a pressure of 190 pounds per square inch for 
five seconds and rotating the fiber 90 degrees between presses was repeated a total of 
three t.mes. The resulting fibers had an average length of 150 microns and an acid 
absorption of 1,845%. 

Example 5 

50 pounds of glass fibers were prepared according to the.method described in 

Example4.exceptthat the steps of applyingapressureofl90 pounds per square inchfor 
five seconds and rotating the fiber 90 degrees between presses was repeated a total of six 
fmes. The resulting fibers had an average length of 1 32 micn>ns and acid abso^tion of 
1 »577%. 

Example 6 

50 pounds of glass fibers were prepared according to the method described in 
Example 4. except that the steps of applying a pressure of 190 pounds per square inch for 
five seconds and rotating the fiber 90 degrees between presses was repeated a total of 
nme t.mes. The resulting fibers had an average length of 1 12 microns and an acid 
absorption of 1,091%. 

Example 7 

50 pounds of glass fibers were prepared according to the method described in 
Example 4. except that the steps of applying a pressure of 190 pounds per square inch for 
five seconds and rotating the fiber 90 degrees between presses was repeated a total of 1 2 
times. The resulting fibers had an average length of 1 15 microns and an acid absorption 
of 742%, 

Examp le R 

50 pounds of glass fibers were prepared according to the method described in 
Example 1. except that: 1.) Evanite 609 glass fibers (Evanite Fiber Corporation), having 
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an average fiber length of 258 n,icn>ns and an average fiber diameter of l 35 micr 
were used; and 2.) that the steps of applying a pressure of IQO ! ' 
f^veseconds and rotating thefiberZeZbXr^^^^^^^^ 
-ee t.W The resulting fibers had an LaX^on ^ 
absorption of i;274«/«. ^ ^ ^" ^^'d 

Example 0 

Bxan,pirr""'' ™ ^^^^^'"^ "-*hod described in 
Example 8. except that the steps of applying a pressure ofion . 

five seconds and rotahngthe fiber JLL^sT '^^^^^ 
ti«.es.TheresultingfibLhada:Zral^^^^^^^^^ 

of 901»/o. ^ ^" absorption 

Examp le 10 

Exan-oirr""*."!*"" '""'^'^ ^«°'<""* method d«cribed ■„ 

Examp le 1 1 

Examp les 1 9-99 
follows, p.a.«. ca*„d. pla... ^ ^^^^ ^ 

.be b.««y case, followed by addition of fibrou. materia, to the battety h«d spa<I The 
^«.cov.i.,He„p„.,„,,,,a„d.he.en.i.,sa,,.dded^ 
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Table n Hsls .he material ^ for tte fib™„a materia, in ,h. ba«.ne. .f 

Examples 12-22 



Table n 




ExatTip leg 9/^-'^^ 

Examples 12-22 are repeated, except that the fibrous material is disposed In the 
battery case before the sulfuric acid is added. - 

BxamDle.< 8 "^a-ii/i 

follows T'^'^" '^'^ "« --^'e- » 

follows. Anode pla.e3. eaftode plates and separators a:, assembled to a banery case 

.ng conventional lead acid battery assembly metboda. S„l«c acid is tben ITwitH 
fibrons catena, to saturate tbe flbto.^ materiaL au,*.ric acid/<ib„„s 

n.,x^re .s then flite^ed. and «,e s„.Mc acid is then disposed in «,e battery caTfollowed 
by a d,.,™ ^r,,^ „ ^ ^ ^ J ^ fo l owed 

n tenn^als are added. Tbe antonn. of su.«.ric acid .bat is disposed wi 1 : ' 
battery case ,s snfiicien. ,o p^perly we, ^ sep.„.or,. b„.. because d,e fibrous ma eria, 
.p..sa,urated.addidona,sul.ricacid beyond wHa.i^ 
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Table m H«s the material used for .he fibroua materia, in ft. baBeries of 
Examples 34-44. 



Table in 




Glass fibers of Example 2 



Glass fibers of Example 3 



Glass fibers of Example 4 



Glass fibers of Example 5 



Glass fibers of Example 6 



Glass fibers of Example 7 
Glass fibers of Example 8 
Glass fibers of Example 9 



Glass fibers of Example 10 
Glass fibers of Example U 



Examples 4S-S^ 
Examples 23-33 are repeated, except that the 
is not filtered before being added to the battery 



mixture of sulfiiric acid and fibrous 



'case. 



Examp le Sfi 

50 pounds of glass fibers were prepared as follows 

m.o bale. The bale was p« ,„.o a„ appa..n.s as described above (1800 pounds per 
square inch exerted by compressor ei«.l,Hn^K J- . h nosper 

diameter™™ 10- KK ^ °* ''>''''^""'= 'J'""''", four inch 

dtamete r™. 19 mob by 25 mch platen), and apressure of 190 pounds per sonare inch 

«be,.fbrfiv.seco„ds. This process ofapp>yi„gp,essu« and rotating 90 deg.«s 



I was 
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.pcated a„ add W > 0 Hmes. Tl^c «n,p>es of glas» prepared by p^ocss 
had an average bulk dei^ity of 5.1 pounds per oubio fco,. 

Example 57 

50 pounds of glass fibers were prepared according to the method described in 

Example 56. except that tl^estepsofappiyingapressureoflPO pounds per squareinch 
for five seconds and rotating the fiber 90 degrees between pre.es was repeated a total of 
n.ne t.mes. Three samples of glass fibers prepa.^ by this process had an average bulk 
density of 3.5 pounds per cubic foot. 

Example 

^''""■"^'"■^tassflb^a were prepared acconiing to the meftod described in 
Bx^ple 55. excep. ««, *. g,aas flbo, were 609 glass Sbers (Evani.e). and .ha s.eps of 

»pplymga„of,90poonds per square inch fcrflveseconds and .taUng ,he «ber 
90 degrees be«veen presses was repeated a total of 12 times. Three samples of glass 
flbe,. prepared by this process had an average bulk density of 5.1 pounds per cubic foot. 

Examp le 

50 pounds of glass fibers were prepared according to the method described in 

Example 58. except that the steps of applyingapressureofl90 pounds per square inch 

for five seconds and rotating the fiber 90 degrees between presses was repeatedatotal of 
jne .mes Three samples of glass fibers prepared by this process had an average bulk 
density of3.6 pounds per cubic foot. 

Example .SO 

50 pounds of glass fibers were prepared according to the method described in 
Exampiess. except that the stepsofapplyingapressureofl90 pounds per square inch 

1 ''^^ ''''''' ^ ^ota, of 

S.X times^ Three samples of glass fibers prepared by this process had an average bulk 
density of 3.7 pounds per cubic foot. 

Examp le fin 

50 pounds of glass fiber, were prepared as described in Example 1 Three 
^^Ples of the resulting glass fiber, had a. average bulk density of 5.0 pounds per cubic 



19 



* Altomey Docket: 13766-01 4P0I 

Example 61 

50 pounds of glass fibere were prepimd as described in Example 1 . Three 
sa-nples of ,he resulttng gbss fibers had an average bulk density of 5.1 pou«ls per cubic 

foot. 

Example 62 

50 pounds of glass fibers were prepared as follows 

5°P°-*'>fPA-lOglassfibers(Homngsworft&VoseCompany)„erefem,ed 
rato a bale. The bale was pu. into an apparatus as described above (1 SOO pounds per 

inch exerted by compressor, eight inch diameter hydntuHc cylinder, four inch 
d.am«er „m. 19 inch by 25 inch platen), and a pressure of ,90 pounds per squar, inch 
apphed to *e fibers fbr five seconds. The pressure was removed, and the bale was 
rotated 90 degrees. A pressun> of 190 pomuls per scp-are inch was again applied to the 
Hbc tbr five seconds. Three samples of the resulting glass fibers had an average bulk 
density of 5.1 pounds p« cubic foot 

Examp le 62 

50 pounds of glass fibers were prepared acconling to the method described in 
Example 61, except that the steps of applying a pressure of 1 90 pounds per square inch 
for il ve seconds and rotating the fiber 90 degrees between presses was repeated a total of 
S.X times. Three samples of glass fibers prepared by this process had an average bulk 
density of 1 1 .4 pounds per cubic foot. 

Example 62 

50 pounds of glass fibers were prepared according to the method described in 
Example 61. except that the stq,s of applying a pressure of 1 90 pounds per squar, inch 
for five seconds and rotating the fiber 90 degrees between presses was repeated a total of 
mne fmes. Three samples of glass fibers p«pared by this process had an average bulk 
density of 14.0 pounds per cubic foot. 

While certain embodiments have been described, the invention is not limited to 

these embodiments. 

As an example, in general, the fibers can be formed of any desired material. For 
example, the fibers can be siliceous fibers or non.silic«>us fib«s. synthetic fiber, or 
nonsynthetic fibers, oiganic fibers or inorganic flb«s. polymeric fibers .rn«,po.ymeric 
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fibers, coated flbe,. or sub^HaUy noncoated fibers, hollow fibers or sub«a„«.l,y 
nonhollow fiber., poro^ fiber, or substotiaUy nonpoious flb«^ ™«a,Uc fibc or 
no„me.alIic fibe.. or c„n>b™tto„, .hereof. Bx«npl.s of types of polynteric fibers 
mclude subsftuted polyme,^ „„s.bsfi^^ p„,^.^ ^^^^^^ 
polym^ (e g., a,.„,at,e p„lyn.e..X o.»«io polymers. i„organi, ^^^^^ 
oha.„e^ ^,y„,ers. branched polym.^ homopol^ copolym.,. ^ 
ttereof, Bcanrples of polymer fibers i,«l„de polyalkylenes (e.g., polyethylene 

(e.g.. nylon^ aramtds). haloge™t«l polymers (e.g.. teflons) and combinations d,ereof 
Btantple, of other tjpes of flbets include metalUc fibers (e.g.. She, fonncd of materials 
contatntng .ran^tion metals or transition met.1 alloys), ceramic fibe. (e.g. fibers formed 
of mater^ containing one or more metal oxides, such as titanate fibers,, meta, coated 
fibe«. alloy coated fibers, sulfide fibers, carbon fibe,. (e.g.. graphite fibers), and 
cornbrnauons thereof Examples of some commeroiaUy available no„-si,ic^„. fibe. 
mclud. the Short Stu«»ftmily of polyethylene fibe,..im„„di„gESS5F BSS2F E380F 

B795P (d,stnbu.«. by. for ex«np,^ MiniFibers. Inc.. Johnson City. TO,. Additional 
examples of some commerciaUy avaUable non-siliceous fibers include the Short Stufi* 
>^.ly Of polypropylene fibers, including V600F. YMOM (distributed by. for example 

MiniFibers, Inc.). * 

As another example, the fibers can be made by various processes. In some 
.mhodmrents. the fibet, are made by hammennilling into a desired size, commonly 
refem^d to as milled fibers. Such fibers are commercially available Horn, for example 
Owens.Coming(e.g,. 731EC. 731ED. 737BC. 737BD. 73<.DC and 739DD). m some 
«bod.m«,.s. milled fibers can have an average length of about l<i mic^ns. In certain 
embodtments. the fibers c«, be cut to a desired si^e. In some embodiments. «,e fibers 
-n be chopped into a desired size. Examples of some commercially avaUable chopp«. 
fibers .nclude the above-noted members of the Famix ftmily of fibers. In some 
embodrments. combinations of processes can be used to manufacfttre the fiber, 

noncoatl' Tk ^"^ "'^ -""^'""y 

noncoated. A substanhallynoncoated fiber means a fiber which, prior to being 
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m^^ora,ed.„<,.„ode™.,eria, 1,4 „ ca^K-de „.,eri^ 124.hasacoaU„g(e.g..a„e.., 

pe.™, ... ,Ope^, .ess «,a„ 60 p«ce„, ,ess 0,.. 50 pe^, Iji^^^o 
P^U ess *an 30pero«„ less «,a„ 20 pe.e„, ,.ss «»„ 10 percen, ,ess ,Ha„ five 
percent, less than percen,. less ftan a„« pe™„, ,ess H,a„ hv„ pe„,e„, less ,ha„ 
one percent) of its surface. less than 

Asafu,ther«,ample,.tleastsome(e.g,.al|)ofthcglassabe,scanbe 

,^3? " " "> - 20 percent, a. 

'east 30 p«cen.. a. least 40 pe,«„, a. least 50 petcen, a. leas. 60 percent, a. leas, 7 

Pe-»^at.eas.80pe^a.leas.90percent...leas,95percen>.at,eas.96percc„,« 
least 97 pe„=en.. a. least 98 petcent. a, least 99 pen«„.) solid. 

As an additional sample, at leas, some (e.g., all) of the glass fibers can be 
~,any nonporous. A s„bs.andally nonpotous flber, as referred to b..i„. „eans a 

^rwh,chhasasurftcewi«„ess«,a„95percn.(e.g.,less.han90pc.enuess*an 
80. 1^ tta 70 percent, iess than «, percen.. less .ban 50 percen, less *an 40 pc^t 
less .ban 30 percent, less than 10 percent) femicd of pores. 

As anoUter example in general, the fibrous material can be present in any desired 
POrt.on of the banco-. Tn son,e embodiments, .he fibrous materia, can be present one 
or more anode plates, on. or more ca.h«ic plates and/or one or more separate.^ In 
certain emb«iim.n.s. «,e fibrous material can be presen. in the volume of me ba«ery 
b«ween the sides and bottom of «,e anode plates and caU.ode plates, reietxed to he.i„ as 
tne tnnge volume. 

^»fi«^e>»>Ple..hefibrousma.erialcanbeusedi„a„ydesi,edbat.«y.such 
as. fcr example, flooded valve regulated lead acid batteries, gel valve regulated lead acid 
batteries, and nickel metal hydride batteries. 

As ^ additional example, the fibmus material can contain materials in addition .o 
the fibers. In some embodiment, the fib«.us material can contain „„e .r more gelling 
agents. In certain embodiments. a,e fibn,us material can contain p^des of a material 
(e.g., sihca particles). 
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As ano.her ex^p,,, electo.y,« ofter ftan suIiW, „^ 
example, ,he a.cc.™,^. ean b. . hyd^xide (e.g,. pcassi™ hydroxide). 
Other embodiments are in the claims. 
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Claims 

1 . A battery, comprising: 
a case; 

a cell within tlie case, the cell comprising: 
a plurality of plates; and 

a plurality of separators, the plates and separators being an*aiiged so that 
for each pair of adjacent plates: 

a first plate forms an anode plate and a second plate forms a 

cathode plate; and 

a separator is disposed between the anode plate and the cathode 

plate; and 

a fibrous.material within the case, at least some of the fibrous material being 
between the cell and the case. 

2. The battery of claim 1, wherein the battery is a lead acid battery, 

3. The battery of claim 2, further comprising sulfuric acid within the case, 

4. The battery of claim 3, wherein a first portion of the sulfuric acid is adsorbed on 
the fibrous material. 

5. The battery of claim 4, wherein a second portion of the sulfuric acid is adsorbed 
in the separators. 

6. The battery of claim 2, wherein the battery is a valve regulated lead acid battery. 

7. The battery of claim 6, wherein the battery is an AGM-type valve regulated lead 
acid battery. 

8. The battery of claim 6, wherein the battery is a flooded valve regulated lead acid 
battery. 
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9. The battery of claim 6. wherein the battery is a gel valve regulated lead acid 
battery. 

10. The baltco- of data 1, who«,i„ tt,e ba««y ia . nid=.l metal hydddc battery. 
2teriar°'°"'^°'°'°^'°""'°"'°*°'''"""'^''°°'^'^^'»'>-«- 
IZ^^^T1»b...eo-ofclata 1. Wherein U..fn,rous™ateri..con,prisesa.^^^^ 

13. The battery of data L wherein the fibrom material compdses C glass. 



15 ■"■»'»««yofeIata I, wherein the (ib^s material comprises an i™.,Sani„ 



material 



1«. The batt^y of claim 1, wherein dre fibrous material comprises an organic 
material. 



oL- '•-^-'-«-'P°'«i<-cfthefibrousm..erialcmprisesan 

18^ -nre battery of claim I. wherein at least one weigh, percent of the fib™«s material 
passes through a 10x10 mesh during the shake lest 
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19. The bauery of data 1. wh«.i„ at l«,st five weigh,pcn»„, .f ,he a„„3 
passes through a 8x8 mesh during the shake test 

20. lie battery of claim 1. wherein « least five weight pen=«,t of the fibrous- material 
passes through a 6x6 mesh during the shake test. 

L SoT " "'^'^'"'» ""^ 

22. The battery of olaim .. whoem the fibrous material is disposed in a gelling agent. 

23. Th'b'-'O'.folaiml.whereinthepariicteofamaterialaremixedwi.htlre 
xibrous material. 

24. The battery of claim 23. wh«ei„ the particles of the material comprise silica 
particles. 

25 The battery of oMm 1, wherein the fibrous material has an average length of fiom 
0.1 miUuneter to 1.5 millimeters. 

26. ™«ba«e.yofolaim,.whereinthefib,ousma,erialhasanaveragedian,e.erof 
Jess than 40 microns. 

27. The battery of claim 1. wherein the fibrous material has avemge aspect rafio of 
less than 1,500. 

28. The battery of claim 1, wherein the battery has a head space between the cell and 
the case, and a portion of the fibrous material is in the head space: 

29 Thebatteryofclaimt.whereinthebatteryhasafringevolumebetweenthecell 
and the case, and a portion of the fibrous material is in the fringe volume. 
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30 Thebaneryofdaim l.wl««in« leas, son-eofft, fibrous material i,3d«.rt,ed in 

at least one of the separators.. 

31. The battery of cl«m 30. further eon,prisu,g aulfurie add adsorbed to the a. least 

one of the separators. 

J2. Thebat.eryofclate30,fluthercomprisingsulfurioaeidadsorb«li„theatleas. 

one of the separators. \ 

33. A processformanufacturing a battery having a case, the process comprising, 
combimng a fibrous material with an electrolyte; and 

disposing the fibrous material and the electrolyte in the case of the battery. 

34. The process of claim 33, wherein the electrolyte comprises sulfuric acid. 

35. The process of claim 33. wherein the electrolyte comprises potassium hydroxide. 

36. Theprocess of claim 33. wherein the fibrous material and the electrolyte fom. a 
mixturo before being disposed in the case, and the process further comprises filtering the 
m.x^.re to remove at .east some of the fibrous materia, from the mixture before disposing 
the fibrous material and the electrolyte in the case. 

37. The process of claim 33. wherein the electrolyte is disposed in the case before the 
fibrous material is disposed in the case. 

38. The process of claim 33. wherein Uie electrolyte is disposed in the case after the 
fibrous material is disposed in the case. 

39. The process of claim 33. wherein the case is substantially devoid of any 
electrolyte before the electrolyte is disposed in the case. 
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a plurality of plates; and 
a plurality of separators, 

• «>pa«or is disposed behv«,„ ,he anode p,a.e and the oaftode plate. 

.Her:r:,ir.rorr -------- - 

volume. """°™' ''^ <''*''^«l «"Wn 81. fc„gc 

«. ™™°f''-">«.whe„=i„«,eceUisoonsm,cteibefo«,hef,b™,. 
■Mterial IS disposed wiOiin the case 



The 



disposed within the 



«• Thei 



' pracess of claim 33. wherein the battety is a lead acid battery. 
^. ofc,ai.33.whe™„.heba.,e,yisaniolceln,e,a,hydrtdeba.te,y. 
4.^^Jheproc=ssofc,ain.33.wh^in«,e<ib™t.™a,eHalco.prtsesasi,ice„us 
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48. The process of claim 33. wherein the fibrous material has an average length of 
fi:om 0.1 millimeter to 1.5 millimetere. 



49. The process of claim 33. wherein the fibrous material has an average diamfeter of 
less than 40 microns. 



50. The process of claim 33. wherein the fibrous material has an average aspect ratio 
of less than 1.500. 

51. Apiocess for manufacturing a battery having a case, the process comprising: 
constructing a cell in the case of the battery; and 

after constructing the cell, disposing a fibrous filler in the case, 
wherein the cell comprises: 

a plurality of plates; and 

a plurality of separators, the plates and separators being arranged so that 
for each pair of adjacent plates: 

a first plate forms an anode plate and a second plate forms a cathode plate; 
and ' 

a separator is disposed between the anode plate and the cathode plate. 

52. The process of claim 51, fiirther comprising disposing an electrolyte in the case. 

53. The process of claim 52. wherein the electrolyte comprises sulfuric acid. 

54. The process of claim 52. wherein the electrolyte comprises potassium hydroxide. 

55. The process of claim 52, wherein the electrolyte is disposed in the case before the 
fibrous material is disposed in the case. 
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56. The proces. of Cata 52. .,^„ ,h= ,„ ,^ ^ 
fibrous material is disposed in the case. 

57. The process of claim 52, wherein the case is substantially devoid of any 
electrolyte before the electrolyte is disposed in the i 



case. 



^ TT. proc^ Of claim 51. wh«ei„ fte b.tt«y has a head apa„ hetwaen .ho ci, 
and «« oaa.. and a, leas, a portion of ,hc flbrons .na^ria, i, diapoaed within .he head 

SpciC6. 



59. Thep^esa of Cain. 31. wherein fte batte^. haa a fflnge volume behvean : 



«u» , - ' ' ^-'wi.wccjx the cell 

ancl the cas^ and at least a portion of the fibrous xnatenal is disposed within the fringe 



GO. The process of claim 51 . wherein the battery is a lead acid batteo'. 
61. "The process ofclaim 51, wherein the battery is a nickel metal hydride battery. 
62 ^ Process ofclaim 51. wherein the fibmus material comprises a'siliceous 



material. 



L „ '^.'T" '"^ -"rial haa an ave,.ge leogft of 

Bcom 0. 1 millimeter to 1 .5 millimeters. 

.t.a„To~'""-"""'°*°"""''"^'""'^--— ----- 
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ABSTRACT 

Batteries, such as lead acid batteries, that contain fibrous material and related 
methods are disclosed. 
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